Fertility of hybrid tea roses is often reduced due to their interspesific origin but also to intensive inbreeding. New genotypes used as pollen donors represent an economic risk for a breeding program, as their influence on seed production is unknown. In this study 9 garden rose genotypes were selected from a company database as high fertile or low fertile male parents, according to the number of seeds per hybridization. Pollen morphology and in vitro germination of the selected genotypes were characterized. Pollen was either small (mean diameter = 30 µm), shrunken, and irregular (abnormal), or large (mean diameter = 30 µm), elliptical and crossed by furrows (normal). High correlations were found between the number of seeds produced per hybridization and the pollen diameter (r = 0.94) or the percentage of normal pollen (r = 0.96). In order to evaluate the predictive power of the models, we conducted regression analyses and performed a validation experiment on genotypes not present in the database and without background information on fertility. Pollen diameter and percentage of normal pollen were characterized and fitted in the regression models for seed set predictions. Validation with an independent dataset gave a good prediction for 83.3% of the data. This indicates that using either the mean pollen diameter or the percentage of normal pollen resulted in effective fertility prediction. Moreover cluster analysis of the data classified all the cultivars into various groups with varying fertility. This tool could enhance the genetic variability in crossings between hybrid tea roses, thus creating possibilities for less economically risky exploitation of new tetraploid genotypes as male parents.
INTRODUCTION
In most modern breeding programs, the creation of new rose hybrids involves a series of steps that include controlled pollination followed by the fertilization of the ovary, fruit set and hip formation, seed maturation, germination and surviving of new plants. Additionally, the compatibility of the two parents must be considered a factor. To avoid the risk of very low seed production, rose breeders chose male parents with the desired characteristics (Zlesak, 2006) for their known fertility (i.e., number of seeds produced per hybridization). Different rose species and cultivars have varying level of fertility (Zlesak, 2009 ) variation in fruit and seed set are due to pollen viability rather than incompatibility (Visser et al., 1977a) . Breeders favor the most fertile progenitors as pollen and/or seed donors (Zlesak, 2006) . Low male fertility in the roses can be overcome by applying repeating and large amount of pollens to female parents but selection of amenable female parent is difficult (Zlesak, 2009 ). There are many intrinsic and extrinsic factors which also affect the fertility. Age of the flower at the time of the pollination available resource like competition ploidy levels and incompatibility systems are the intrinsic factors while amount and condition of pollen used at the time of pollen transfer to stigma and environmental conditions like temperature, humidity, rainfall, flowering season are the extrinsic factors (Faegriand, Pijl, 1979 , Stephenson, 1981 , Lee, 1988 , Lloyd, Schoen 1992 , Proctor et al., 1996 .
Several studies concerning pollen germination and pollen tube size in vitro or in vivo (considering the hip set or the mean number of seeds per hip) were carried out with the aim of improving sexual reproduction of roses (Visser et al., 1977a , b, DeVries, Dubois, 1987 , Gudin, 2000 , Gudin, Arene, 1991 , 1992 , Gudin et al., 1991a , b, Zlesak et al., 2007 . Visser et al. (1977) and Voyiatzi (1995) obtained the best pollen germination percentage with a sucrose concentration of 15% for hybrid tea roses. Khan (1988) suggested a concentration of 20% for R. rugosa Thunb. However, Koncalova (1975) reported a higher germination percentage for R. hugonis Hemsl., with 30, 35 and 40% sucrose. Darwin (1884) measured the pollen diameter of 44 species, observing how pollen size was positively correlated to the distance between the surface of the stigma and the transmission tissue of the style. Several studies on pollen characters have been investigated in other species including Olive (Javaday, Arzani 2001) , Date palm (Mortazavi et al., 2010) , family Triticeae (Arzani et al., 2000) and flowering plants (Stome et al,. 2013) .
Breeders do labor-intensive hand hybridization naturally and wish to get high numbers of seeds and as many seedlings as possible. Sexual reproduction in roses, seed set and seed germination are thus of particular interest to breeders (Gudin, 1995) . Information of rose pollen fertility can save labor and money to individual breeders who know their own germplasm collection. Most studies on fertility have been performed on cut roses, as they are the most important commercial group. No studies carried out on roses have focused in this study, nevertheless it can be expected that this data on fertility can be useful for other types of roses. The main aim of our study was to investigate the relationship between pollen characteristics (morphology, viability and germination) and fertility for seed production. Effect on different sucrose media on pollen germination also studied. This study will help breeders identify valuable pollen donors and enhance breeding efficiency using pollen of some famous hybrid tea roses.
MATERIALS AND METHODS

Plant material
We selected nine popular hybrid tea roses cultivars (Autumn Sunset, Iceberg, Angel face, paradise, Casino, Louise Odier, Grand Margina, Handel and Gruss-anTeplitz (Table 1) , from the 'rose research project' field of the University of Agriculture, Faisalabad, Pakistan. All selected cultivars were tetraploid except Ice berg which was triploid. After one year of growth they were headed back equally in the month of October. New flushes triggered in the month of December and reached to terminal floral buds in the month of February which led to flowers in the month of April. We then investigated pollen morphology and germination of the selected genotypes and correlated this data with fertility parameters including seeds per hybridisation, mean seed germination and mean seed germination per hip. separate petri dishes. This task was performed in the evening before sunset in the month of March. The petri dishes were kept in the laboratory at the room temperature (25 °C ± 2 °C). In the morning at 8' o clock the pollen were purified by removing dried anther and were kept at 4 °C.
Estimation of pollen traits
Pollen quantity was estimated as the number of anthers per flower and the number of pollen per anther. Number of pollens per anther was estimated by haemocytometer (Eti 1990 , Ercisli 2007 . Furthermore pollen length, diameter and size were recorded by using Contrast phase micrometer at 10 × magnification for each cultivar with three replications. For this dry pollen were dusted on a glass slide having no cover slip. Only un-hydrated pollens were used for measuring pollen length, diameter and size by using micrometer.
Pollen viability was estimated by using acetocarmine according to technique as described by Roberts (1979) . For each cultivar five slides were prepared and stained and unstained pollens were counted in the field of the microscope. Pollens that darkly stained were considered viable and the pollens that stained not or lightly stained were referred as unviable. Viability percentage was calculated for each cultivar. Pollen germination was carried out in petri dishes by using 10, 15 and 20% sucrose in 2% agar media having three replications for each cultivar at 24 ± 2 °C. Pollen was spread uniformly on the medium with a small paint brush. After 24 hours incubation period, pollen germination percentage was counted under contrast phase microscope. Pollen was considered germinated when a pollen tube reached a length of at least 1.5 times the pollen diameter (Leus, 2005) . The mean pollen germination (%) was calculated as the germination per total number of observed pollen grains on the petri dish. Pollen tube length was also observed for each genotype.
Hybridization and field evaluation
Hybridization was done using selected hybrid rose cultivars in the field with all possible cross combinations (720) cross combination during the first 10 days of March, 2009. Percentage (%) of success cross was calculated for each pollen donor parent by keeping the female parent constant. A scale was developed to estimate the fertility of pollen donor parents with crossing success of 61-100% as highly fertile, 41-60% as fertile, 21-40% as moderately fertile and 1-20% as low fertile or sterile. In the month of August mature hips of successful crosses were collected and dried at room temperature (24 ± 2 °C). After 20 days seeds were extracted from the hips manually. Seeds were gathered and counted at the beginning of October, 2009. Afterwards seeds were warm stratified at (24 ± 2 °C ) for 1 month and then stored at 4 °C in the refrigerator. In the month of December seeds were sown in the lath house (Modified greenhouse having green net instead of glass roofing). Seeds were also treated with 30% H2SO4 for 15 min prior to sowing of seeds in the germination trays.
Pollen size and germination data of the selected cultivars were analyzed by a one-way ANOVA using statistical software Minitab.15. Means were compared by LSD test at P = 0.05 for multiple comparison. Pearson correlations (r) were calculated between number of anther per flower, number of pollen per anther, pollen size, and pollen viability and germination percentage. If the correlation were significant regression analysis was performed on the data.
RESULTS
Pollen morphology, quantity, viability and germination varied considerably in all cultivars. Analysis of variance revealed that number of anther per flower (**P < 0.001, F = 87.9) and the number of pollens per anther (**P < 0.001, F = 6.05) varied significantly in each cultivar however, maximum number of anther and pollens per anther were exhibited by the cultivar Angel face (130.67) and Handel (1612.3), respectively. On average basis the performance of Angel face and Handel was better with respect to both number of anther per flower and number of pollens per anther as shown in the Table 2 . Pollen length and diameter did not showed big variations. Overall, same trend was observed in all cultivars. However, the cultivar Iceberg showed little big pollen diameter (4.333 µm) as compared to other cultivars. Pollen size (L : D) was almost same in all cultivars hence no significant differences were observed as shown in the Table 1 . Pollen viability is considered as on one of the most important factor in breeding success. Viability of pollens varied significantly in pollens of all cultivars (**P < 0.001, F = 15.5). Comparison of means of viability percentage revealed that maximum number of viable pollens in term of viability percentage were possessed by cultivar Handel (70%) followed by 'Grussan-Teplitz' (64%). The minimum viability of pollens was exhibited by the Cultivar 'Autumn Sunset' having pollen viability of 35%. .22, **P < 0.001). However the interaction between sucrose and pollen germination was not significant. Sucrose concentration having 15% sucrose proved very effective for best germination results as compared to 10% and 20% sucrose. So at all treatments of sucrose the Cultivar 'Gruss-an-Teplitz' performed well with pollen germination of 46.56% followed by 'Autumn Sunset' having pollen germination of 38.9%. The minimum pollen germination was performed by the cultivar 'Ice Berg" that is triploid with respect to its ploidy level ( Fig. 1 and 2 ) Pollen tube length is another important parameter to estimate the pollen vigor. Data regarding pollen tube length showed significant variations in ANOVA (F = 48.48, **P < 0.001). Similar behavior was observed for varying sucrose concentration. The varying conventions of sucrose yielded different response for pollen tube length (F= 16.59, *P < 0.001). On average basis the cultivar 'Grand Margina' yielded maximum pollen tube length of 46.556 µm followed by 'Gruss-an-Teplitz' having pollen germination of 40.333 µm. The minimum pollen tube length of 9.222 µm was observed in cultivar 'Ice berg' (Fig.2) . The interaction between pollen tube length and sucrose concentration was not significant. However at all levels of sucrose concentration almost every cultivar showed same trend for their pollen tube length but ager media having 15% sucrose proved very helpful for maximum pollen germination as well as pollen tube length in all cultivars. Pearson correlations between numbers of anther per flower, number of pollen per anther, pollen size (µm), and mean pollen viability and germination percentage are presented in the Table 2 . Pollen tube length correlated significantly with pollen size and pollen germination percentage. A strong correlation among pollen germination percentage and pollen tube length (r = 0.77) and pollen germination percentage and pollen viability percentage (r = 0.731) was exhibited. Pollen germination is also strongly correlated with pollen size (r = 0.738). Moreover, the regression analysis between pollen germination percentage and pollen tube length (µm) also showed significant results (R 2 = 8.77) and regression between pollen tube length and pollen size was not significant (R 2 = 0.038) as shown in Fig. 3 and 4 . Cluster analysis of the cultivars based on pollen vigor parameters mentioned above revealed three main groups as predicted in the Fig. 5 . Culti-vars Autumn Sunset and Gruss an Teplitz condensed themselves in first group while cvs. Paradise, Angel Face, Louise Odier, Handel and Grand Magina behaved in a similar way clustering themselves into second group. Cultivars, Iceberg and Casino were categorized in third group. In group one both cultivars showed 80 % similarity behaved differently from other. Similarly in second group the performance of four cultivars like Paradise, Angel face, Louise Odier and Handel was quite different with respect to the Grand Margina which differed 40%. In third group cultivars, Iceberg and casino also yielded behaved similarly having 60% similarity. All cultivars also behaved differently for pollen vigor parents as it is obvious from the previous results. In contrast cultivars showing similarity with each other also differed for some of the pollen vigor parameters. All possible combinations of crossing were designed and performed to evaluate the vigor of pollen donor parents. In general each cultivar was given equal opportunity to cross with other eight cultivars. So, maximum percent crossing success (53.75) was exhibited by cultivar 'Handel' which performed best under this crossing regime followed by cultivar 'Autumn sunset' with successful crossing percentage of 45. The cultivar 'Iceberg, did not performed well, hence all crosses made by this cultivar as a male parent failed (Table 3) .
The comparison of various fertility parameters in vitro and in vivo revealed that cultivar "Handel" showing its maximum pollen viability in vitro performed well with respect to giving more crossing success in field as compared to its average pollen germination percentage in vitro conditions. Cultivar "Autumn Sunset" showed also better performance in field as well as in laboratory in spite of that fact it has less pollen viability as compared to other cultivars. All the crosses failed when cultivar "Iceberg" was used as pollen donor parent similar to lowest germination percentage in laboratory. The comparison of all pollen donor parents with respect to fertility status in field and laboratory is given in Fig. 6 . 
DISCUSSION
In order to evaluate the vigor of pollen donor parents in this research program several studies were conducted including, evaluation of cultivars for growth parameters in field conditions, pollen studies in vitro, crossing of cultivars and seed germination. Previously these types of studies are made by (Visser et al., 1977a , DeVries, Dubois 1987 , Ogilvie et al., 1991 , Crespel et al., 2006 on different groups of roses. Present research provide a data base of in vitro as well as field analysis of parents used as male, hence it proved to be a good tool to estimate the potential of pollen donor cultivars for breeding program. Pollen studies in vitro are an indirect measure of pollen vigor and fertility in the field. Pollen viability and germination varied considerably in all cultivars as different rose species and cultivars have varying level of fertility (Zlesak, 2009) . These variations are correlated to the assumptions of Jacob and Pierret (2000) and Zlesak (2009) who stated that variations in ploidy level of pollen donor parents produce pollens with variable size presenting diversity in fertility status. In contrast to their findings, pollen size did vary considerably in all parent cultivars in spite of the fact that fertility status of pollen varied in each cultivar. These variations of fertility in the present roses may be due to many factors including interspecific derivation, meiotic abnormalities and heterozygous polyploid parents hence processes favor the accumulation of deleterious recessive alleles in the progenies (Erlanson, 1931 , Ogilvie et al., 1991 . One of the examples of dependency of pollen fertility on ploidy level is cultivar "Ice berg" which showed minimum fertility and produced no hips and seeds in all crosses because it is triploid. So it is the different ploidy level rather than variable pollen size which affect fertility of the pollen donor parents. This correlate with the studies conducted by Visser et al., (1977a) on 142 rose species and 88 interspecific hybrids that the mean percentage of normal pollen of di-, tri-, tetra-, penta-and hexaploids was 78, 10, 67, 14 and 42% respectively. Vasil'eva (2009) while studying the fertility and vitality of pollen observed that the pollen grains of Rosa canina, Rosa corymbifera , Rosa multiflora, Rosa acicularis, Rosa majalis, and Rosa rugosa performed well and got stained with aceto carmine. Highest pollen tube length was calculated in Rosa rgusa followed by Rosa majalis (184.2 µm at 220 × magnification). Pollen germination percentage was 43.18 in Rosa majalis in minimum of 5.17 % in Rosa canina. It was previously reported that pollen viability of R. canina, R. dumalis, R. rubiginosa and R. villosa, all belonging to section Caninae, varies considerably among species and pollen viability was recorded between 23 and 45% (Werlemark, 2000; Ueda, Akimoto 2001) . In the present study various concentration of sucrose depicted variable results in pollen germination but 15% sucrose concentration was very affective in yielding maximum pollen germination percentage in all cultivars on overall basis. Our results are in line those of Richer et al., (2006) , Voyiatzi (1995) and Visser et al., (1977a) . Moreover, findings are closely to those of Calvino (1951) , who obtained better results with a sucrose concentration of 20% for six species of roses. However, our results are very different from those obtained by Koncalova (1975) , who recommended a sucrose concentration of 30 to 45% for R. hugonis.
Other possible variations in performance of pollen donor parent with respect to fertility may arise due to unfavorable environmental conditions as Visser et al., (1977a) observed that the severe environmental conditions during the formation of microgametes can alter the pollen viability potential of rose and, in general, less pollen viability was observed at higher temperatures. In the present studies the hybridization was performed in field condition where temperature in the months of June and July exceeded 45°C. Gudin, (1992) and Gudin et al., (1991a) also argued that physiological changes occurring in the plants with in the growing period also affect fertility of gametes. Observations made on varieties with the same chromosome numbers e.g. the tetraploids to which the Hybrid Tea-roses belong, also showed distinct differences with respect to fertility. This is similar to the findings of by Calvino (1951) in which out of the 45 tetraploids species and 42 cultivars have germination of 20 and 30% respectively had less than 25% normal pollen.
While having comparison of pollen germination on various sucrose conditions also revealed dependency of cultivars on optimum starch during pollen germination and pollen tube growth as Visser et al., (1977a) revealed that hybrid tea rose pollens germinated well at 15% sucrose concentration. In the present all cultivars performed well at this level of sucrose. Fertility of the parent rose in terms of pollen germination percentage also depends on the morphological characteristics of pollens as pollen diameter has shown significant correlation (r = 0.75) was observed in the studies made by Pipino et al., (2010) . Number of anther per flower and pollen per anther and diameter of pollen is of great concern in getting maximum successful crosses and it varies among species and cultivars. According to Gunes et al. (2005) the number of anther per flower of rose species were between 81.4 (R. villosa) and 148.1 (R. elliptica) and it correlates to the conversion of stamens and pistils into petals and petaloids (Morey, 1959) . CONCLUSION It is concluded that it is important to consider the ploidy level in selection of pollen donor parents rather than focusing on pollen size and also more success is achieved if we test the fertility status of pollen donor parents invitro prior to making cross in the field or in greenhouse. Superior quality pollen will lead to a more crossing success, more seed setting and elite progenies.
